The olfactory system participates in many sensory processes, and olfactory endophenotypes appear in a variety of neurological disorders such as Alzheimer's and Parkinson's disease, depression and schizophrenia. Social withdrawal is a core negative symptom of schizophrenia and animal models have proven to be invaluable for studying the neurobiological mechanisms and cognitive processes behind the formation of social relationships. The subchronic phencyclidine (PCP) rat model is a validated model for negative symptoms of schizophrenia, such as impaired sociability. However, the complete range of social behaviour and deficits in the model are still not fully understood. Intact rodent olfaction is essential for a wide range of social behaviour and disrupted olfactory function could have severe effects on social communication and recognition. In order to examine the olfactory ability of male rats treated with subchronic PCP, we conducted an olfactory habituation/dishabituation test including both non-social and social odours. The subchronic PCP-treated rats successfully recognized and discriminated among the odours, indicative of intact olfaction. Interestingly, the subchronic PCP-treated rats showed greater interest for a novel social odour compared to the saline-treated rats and the rationale remains to be elucidated. Our data indicate that subchronic PCP treatment does not disrupt olfactory function in male rats. By ruling out impaired olfaction as cause for the poor social interaction performance in subchronic PCP-treated rats, our data supports the use of NMDA receptor antagonists to model the negative symptoms of schizophrenia.
Introduction
The neuronal circuitry involved in social behaviour is immensely complex and normal social interactions require a high degree of flexibility, making social behaviour especially vulnerable to disruption [1] . Animal models have proven to be invaluable tools for studying the neurobiological mechanisms and cognitive processes behind the formation of social relationships [2] . Social interaction deficits and social withdrawal are crucial early indicators for autism [3] , core behavioural symptoms of schizophrenia and important readouts in animal models of negative symptoms of schizophrenia [4, 5] .
Rodents utilize olfactory cues for a wide range of social behaviours, including recognition of individuals and for the expression of appropriate sexual behaviours [6, 7, 2] . Blockade of olfactory social cues by anosmia or hyposmia would hence have major impact on rodent social behaviour by making it impossible for the animal to differentiate and recognize individual conspecifics. Therefore, to prevent data misinterpretation it is vital to verify normal olfactory function in animals used for tests with an odour component, such as social interaction, recognition and novelty preference tests [3, 7, 8] .
The olfactory habituation/dishabituation test represents a simple yet sophisticated method for assessment of olfactory function in rodents [9] . The olfactory habituation test relies on the animals' tendency to investigate novel odours. It evaluates the animals' ability to detect, recognize, and differentiate between odours, including both non-social and social odours. It also assesses olfactory responsiveness and the capacity to habituate to the odours, as defined as a progressive decrease in olfactory investigative behaviour over sequential trials. Dishabituation on the other hand, implies that the animal can recognize a novel olfactory stimulus and show reinstated interest and investigation of the new odour [10, 7] .
The olfactory system participates in sensory functions, emotionality and in memory formation [11] . Hence, not surprisingly, olfactory endophenotypes appears in several neurological disorders like Alzheimer's disease (AD), Parkinson's disease (PD), depression and schizophrenia [12] [13] [14] . In many neurodegenerative disorders, particularly AD and PD, dysfunction of the olfactory system represents one of the earliest symptoms of the disorder [15, 16] . In schizophrenia, patients often demonstrate reduced odour detection threshold and odour identification ability [17] . Accumulating evidence furthermore suggests that social dysfunction and the well-described smell identification deficits (SID) share a common pathophysiology. Especially patients with deficit syndrome schizophrenia (characterized by severe and enduring negative symptoms, including disturbed social functioning; particularly reduced social drive) has been associated with more SID [18] [19] [20] [21] .
The subchronic phencyclidine (PCP) rat model represents a validated pharmacological model with relevance for the negative symptomatic in schizophrenia, especially social withdrawal [22] [23] [24] [25] [26] . Subchronic PCP treatment reliable induces social interaction deficits in rats, when they are tested in the low-anxiety-test version of the social interaction test following a drug-withdrawal phase [27,28, for review on the social interaction test, see 29] .
Surprisingly, the effect of subchronic PCP on sociality is nonetheless explained in regards of which social behaviour deficit that causes the reduced interaction [30] . It has been suggested that social withdrawal [28] or lack of social approach resulting from a lack of social motivation [30] in the subchronic PCP rat, causes the reduced interaction in the dyadic social interaction test. However, these parameters are principally indistinguishable from each other in the social interaction test setup and other processes such as impaired social cognition cannot be assessed [26] . Some studies have therefore aimed to disseminate the social deficits in the subchronic PCP rat model using the sociability and preference for social novelty paradigm. However, this test can measure either social motivation or lack of social cognition, hence producing ambiguous results [31, 26] .
To further extend our understanding of the complex neurobiology of the negative symptoms and social impairments seen in schizophrenia, we need to first understand the animal models we use [32, 33] . Explicitly ruling out the presence of basic sensory abnormalities, such as anosmia, in the subchronic PCP model is therefore of utter importance. There is however a striking lack of publications on olfactory function in PCP-treated animals. The effect of acute PCP on odour detection was investigated in 1981 by Kesner [34] , who found profound disruptions after injections of 12, 16 and 24 mg/kg PCP in male rats. For subchronic PCP-treated rats however, the literature is scarce of tests explicit for olfactory function. Nonetheless, Seillier and Giuffrida [26] who used a modified version of the sociability and preference for social novelty test [3, 35] , did include a two-phase social odour discrimination task to control for olfactory sensory function and the ability of PCP-treated rats to discriminate between neutral and social odours. During the task each rat could investigate petri dishes containing either clean bedding, dirty bedding from the familiar home cage, dirty bedding from a cage with unfamiliar rats or no bedding at all. The result showed that both PCP and vehicle treated rats preferred the quadrants where the social odours were contained, and the authors interpreted this as a sign of intact olfactory function. However, both the PCP and vehicle rats failed to show preference for the novel smell of dirty bedding from the unfamiliar cage and the lack of novelty preference was interpreted as a sign of deficient recognition memory, similarly to the deficit seen in PCP-treated rats during the novel object recognition task [26] . Nonetheless, the novelty preference deficit was equally evident in both the PCP-and vehicle treated groups, and this could indicate a methodological problem, such as the bedding not being soiled enough to enable the rats to detect the novel odour or due to a high degree of overlapping elements present in the stimuli, such as food or the bedding material itself.
Furthermore, other studies implicitly investigated olfactory function after subchronic PCP treatment as they used odours in the attentional set shifting task and found no impairments in intradimensional shifts between odours, indicating intact olfactory function [36] [37] [38] [39] . Sahin et al. [32] used two newly developed preclinical tests for the oftenneglected domain "blunted effect", to assess anticipatory motivation and affective state. In the optimistic-and affective-bias tests, female rats treated with subchronic PCP, were trained to associate cues and odours with high-valued and less-valued rewards. The results showed that subchronic PCP-treated rats performed fewer optimistic choices during the optimistic-bias test and that PCP-treatment diminished the ability of the rats to form a preference for any of the reward-containing bowls during the affective-bias test, implicating a lack of a positive affective state [32] .
In both the above-mentioned tasks, an association between an odour and a food reward was formed; meanwhile Audet et al. [40] used a cat odour to investigate the emotional response and anxiety when rats treated with subchronic PCP were exposed to the smell of a predatory threat. The result showed that the PCP-treated rats sniffed the cat collar significantly less than the vehicle treated rats, what the authors concluded an effect of heightened anxiety in the PCP-treated rats as these also spent more time inside the dark compartment during the emergence test for anxiety [40] .
To our knowledge, there is no previous study investigating the effect of subchronic PCP on the performance of rats in the olfactory habituation/dishabituation test. We recently showed that subchronic PCP treatment significantly reduced the time spent in social interaction with an unfamiliar conspecific rat. The previously performed social interaction test was part of a recent drug-treatment study in our lab [41] in which the rats tested for olfactory function here, served as the positive (subchronic PCP-treated) and negative (subchronic saline-treated) controls.
With the aim to further disseminate the subchronic PCP rat model and validate the absence of anosmia or hyposmia, we performed the olfactory habituation/dishabituation experiment presented here, three days after completion of the social interaction test.
The results from the olfactory habituation/dishabituation test have important implications for several previously performed, and future studies on the social behaviour in the subchronic PCP rat model. Finally, these data are important to verify that the social interaction deficit in subchronic PCP-treated rats is not merely a consequence from deficient olfactory function, but truly mimic the complex negative symptoms of schizophrenia.
Experimental procedures

Animals
The olfactory habituation/dishabituation experiment was carried out with 16 male Sprague-Dawley rats (Élevage Janvier, Le Genest Isle, France) with mean weight 450 g at 10 weeks of age. Groups of three to four rats were housed together in standard type open-top IV polycarbonate cages (Ehret, Emmendingen, Germany) under standard laboratory conditions (room temperature 22 ± 2°C; relative humidity 55 ± 10%). The cages were enriched with metal tubes and paper tissues. Water and food (standard laboratory chow; Ssniff, Soest, Germany) were available ad libitum. The lightning followed a 12 h light-dark schedule (light on at 6 a.m.) and all experiments were conducted during the first half of the light phase (between 9 a.m. and 2 p.m.). The animals were permitted one week of habituation to the premises before being gently handled by the person performing the experiments during the second week (5 min/day). The Berlin State Authority ("Landesamt für Gesundheit und Soziales") approved all experimental procedures and they were performed in compliance with the German Animal Protection Law and the EU Directive 2010/63/EU for animal experiments.
Drugs and treatment regime
We recently established the subchronic PCP model in our laboratory in order to study the effect of a novel antipsychotic drug on PCP-induced social interaction and object recognition deficits [previously published data see, 41]. Therefore, we conducted pilot experiments and studied the effect of different doses subchronic PCP (2.0 or 5.0 mg/kg) with different washout period lengths (1, 2 or 6 weeks) on behavioural test performance. In our laboratory setting and for both above-mentioned test paradigms, the most robust deficits were detected after the rats were treated with 5.0 mg/kg PCP twice a day over 7 days with a subsequent 2 week drug washout period before behavioural testing begun. Based on the results from the pilot experiments, prior to the social interaction study the rats were randomly assigned to either the vehicle (0.9% saline) or PCP (5.0 mg/kg) group. Phencyclidine hydrochloride (Sigma-Aldrich, Steinheim, Germany) was dissolved in 0.9% saline and each rat received two injections of the assigned treatment per day (PCP or saline; i.p. injection given at 8 a.m. and 5 p.m.) for a period of 7 days, followed by a 14 day washout period.
Social interaction test
Three days prior to the olfactory habituation/dishabituation test, the rats which represented the two control groups (subchronic PCP + vehicle and subchronic saline + vehicle), were tested in a social interaction test included in a larger drug-treatment study in our laboratory [41] . Due to the partially presented and previously published social interaction procedure, the method is only mentioned here briefly but can be fully accessed elsewhere [41] . However, in short, each rat was placed in a familiarized arena together with an unfamiliar male conspecific and allowed to interact freely during a 10 min session. Because the original social interaction test was part of a pharmacological treatment investigation, each subject rat was injected with saline (i.p.) 30 min prior to the social interaction test. The social behaviours "sniffing, climbing, following, and avoiding" were scored by an experimenter blinded for treatments and "total social interaction" was calculated from the cumulative duration engaged in social behaviours. In addition, the duration exploring an unfamiliar object placed in the arena (a 33cl aluminium soda can) and the number of line crossings was scored.
Olfactory habituation/dishabituation test
The olfactory habituation/dishabituation test was performed following Yang and Crawley [10] , with some minor methodological changes to the protocol. Orange and almond baking aroma (OSNA Nährmittel GmbH, Osnabrück, Germany), were prepared freshly and diluted 1:100 with distilled water on the test day. For each trial, a fresh q-tip was dipped and kept 2 s in the diluted aroma sample. The social odour was prepared immediately before each trial by swiping a q-tip in the dirty cage bedding from unfamiliar male conspecifics. In order to avoid contamination of the cage lid between trials and to minimize the spreading of the aroma in the cage, the tip of a 15 ml transparent centrifuge tube (Carl Roth GmbH, Karlsruhe, Germany) was cut open, making a hole through which the q-tip was inserted. By removing the tube plug and placing the tube with the opening downwards on the cage lid, a simple "nose poke" hole was formed in which the rats could sense the volatile odour, but not gnaw on, lick or retract the applicator and contamination of the top cage lid was minimized. Each rat was placed in a standard type II polycarbonate cage (Ehret, Emmendingen, Germany) in which the cage lid food bin had been covered by a layer aluminium foil leaving only a small hole where the tube end was fitted (Fig. 1.) . The test began with a 5 min habituation period in which a tube with a sterile q-tip was placed in the cage lid. The test session began with three consecutive trials of presenting an odour neutral stimulus (distilled water) for 2 min per trial, followed by each three 2 min long consecutive trials of the non-social odours orange and almond presented in a counterbalanced order. Each trial was separated by a 1-minute intertrial interval in which the tube and q-tip was removed from the cage lid and the next trial/odour was prepared. The test ended with three consecutive trials of the social odour. Each test session was video recorded from a horizontal angle, which allowed a blinded experimenter to measure the duration in which the rat sniffed on the odour containing tube from less than < 2 cm distance.
Statistical analysis
The data were analysed with SigmaPlot 11 (Systat Software, Erkrath, Germany). The social interaction data was reanalysed for the two control groups only, using unpaired sample t-tests with homogeneity of variance to compare the mean duration for each behaviour respectively [for the original analysis see, 41]. One-way or two-way repeated measures ANOVA were utilized to determine odour habituation and dishabituation during the olfactory habituation/dishabituation test. Post-hoc Holm-Sidak multiple pairwise comparison analysis was performed when appropriate. Student's t-test with homogeneity of variance was used to analyse the total exploration time for each odour. P values < 0.05 were considered significant and data are presented as mean ± standard error of the mean (SEM).
Results
Social interaction test
The subchronic PCP-treated rats engaged in significantly less social interaction behaviour compared to the subchronic vehicle-treated rats (Fig. 2.) . The PCP treatment induced robust deficits in all the scored social behaviours in comparison to the vehicle group [total social interaction duration t (12) = 6.05, P < 0.0001; sniffing duration t (12) = 5.6, P = 0.0001; climbing duration t (12) = 3.06, P < 0.01; following duration t (12) = 2.76, P = 0.02; avoiding duration t (12) = 2.52, P = 0.03]. There was no detected effect of PCP treatment on the duration investigating an unfamiliar object placed in the arena during the social interaction test or on general locomotion assessed by the number of line crossings.
Olfactory habituation/dishabituation test
General olfactory ability was assessed by studying the odour recognition-and discrimination ability of rats treated with subchronic PCP in comparison to rats treated with subchronic saline (vehicle group). Both PCP and saline treated animals habituated to each of the tested odours as indicated by the decrease in exploration time over the consecutive presentations of the same odour (Fig. 3.; upper section) . One-way repeated measures ANOVA revealed a progressive reduction in exploration time over the three consecutive trials, for each of the presented odours in both treatment groups. The PCP-treated rats 
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Behavioural Brain Research 345 (2018) [13] [14] [15] [16] [17] [18] [19] [20] showed significant olfactory habituation [almond F (2,14) = 16.9, P < 0.001, post-hoc trial 1 to trial 3: P < 0.001; orange F (2,14) = 41.6, P < 0.001, post-hoc trial 1 to trial 3: P < 0.001; social F (2,14) = 6.8, P = 0.009, post-hoc trial 1 to trial 3: P = 0.003], similar to the habituation of saline treated rats [almond F (2,14) = 4, P = 0.042, post-hoc trial 1 to trial 3: P = 0.018; orange F (2,14) = 29.4, P < 0.001 post-hoc trial 1 to trial 3: P < 0.001; social F (2,14) = 6.2, P = 0.012 post-hoc trial 1 to trial 3: P = 0.004]. To assess the effect of treatment on the habituation pattern for each odour respectively, olfactory habituation data was analyzed with two-way repeated measures ANOVA. There was a significant effect of the PCP treatment only in the case of the social odour [treatment: F (1,28) = 7.2, P = 0.018; trial: F (2,28) = 12.9, P < 0.001, post-hoc trial 1 to trial 3: P < 0.001] with no significant interaction between the factors treatment and trial. For the other odours there was no effect of PCP treatment on habituation and no interaction of the factors treatment x trial. To further elucidate the effect of PCP on olfactory exploratory motivation, the total exploration time per odour were calculated for each animal respectively and analyzed with Student's t-tests (Fig. 3. ; bottom section). Interestingly, the only significant difference between the treatment groups was detected for the social odour. PCP-treated rats spent significantly more time investigating the social odour than rats treated with saline [P = 0.018]. Olfactory dishabituation (detection of olfactory novelty) was evaluated by comparing the exploration of the third consecutive presentation of one odour to the time in the first trial presenting a new odour. Due to the randomization of the order of the first presented non-social odour, dishabituation data is presented separately (Fig. 4.) . One-way repeated measures ANOVA revealed that PCP-treated rats effectively detected olfactory novelty, as implicated by the significant increase in exploration time towards the new odour [water to odour1 F (1,7) = 52.5, P < 0.001; odour1 to odour2 F (1,7) = 37.4, P < 0.001; odour2 to social F (1,7) = 30.2, P < 0.001]. The saline treated rats discriminated the novel odours in a similar manner [water to odour 1 F (1,7) = 26.2, P < 0.001; odour1 to odour2 F (1,7) = 17.2, P = 0.004; except at the shift from odour2 to social where the homogeneity of variance test failed and a Friedman repeated measures ANOVA on ranks could not detect a significant difference, P = 0.07]. Last, to evaluate the effect of PCP treatment on each odour shift we analyzed the dishabituation data by two-way repeated measure ANOVA. There was as significant effect of trial [F (5,70) = 27.4, P < 0.001] but no effect of treatment and no significant interaction of the factors treatment and odour shift. Post-hoc Holm-Sidak multiple comparisons showed that both groups significantly dishabituated to each of the odour shifts [PCP: water to odour1: P < 0.001; odour1 to odour2: P < 0.001; odour2 to social: P < 0.001 and saline: water to odour1: P = 0.003; odour1 to odour2: P < 0.001; odour2 to social: P = 0.003]. Taken together, the results in the olfactory habituation/dishabituation test verifies that subchronic PCP treatment did not cause anosmia nor deficits in olfactory recognition and discrimination. 
Discussion
In the present study we demonstrated that groups of male rats treated with subchronic PCP did not differ in their habituation and dishabituation to non-social odours compared to controls. The subchronic PCP-treated rats did however spend more time investigating a social odour.
Furthermore, another intriguing finding in this study was the enhanced investigatory behaviour of the PCP-treated rats towards the social odour, considering that the same rats showed significantly reduced social interaction behaviour when tested in the social interaction test three days earlier [ Fig. 2.] .
A possible rationale for the contrasting results in social interaction behaviour and investigative behaviour of social odours presented herein, might be the distinct conceptual differences of the two experimental setups. It has been suggested that in social environments, the uncertainty of the situation influences decision-making between multiple of rewards such as choices to interact with another animal, food or objects [42, 43] . Consequently, the experimental setup has impact on the motivational state of the animal and the behavioural outcome in tasks investigating sociability. For example, the dyadic social interaction test where two unfamiliar animals are placed together and allowed to interact freely, represents an uncertain social setup due to the risk of physical threat. Meanwhile, the three-partite-chamber test for sociability and social novelty preference represents a "socially safe" environment where it is more likely that an animal rely on its own motivational state for social interaction [43] . During the olfactory habituation/dishabituation test, the animal had no visual or tactile contact with the unfamiliar animal, and the social odour is hence presented in a "socially safe" environment. This might explain why the PCP-treated animals showed enhanced interest for a novel social odour using this setup, meanwhile they failed to elicit normal social interest for an unfamiliar rat during the social interaction test [41] . In agreement with the hypothesis that the social motivation of PCP-treated rats reflects the uncertainty in the experimental condition, Seillier and Giuffrida [26] used a modified version of Crawley's three-partitechamber test for sociability and preference for social novelty to study the social approach tendency by PCP-treated rats. Since there is no physical contact between the subject rat and the stimuli rats during the test, the authors aimed to investigate sociability, preference for social novelty and social motivation in a "socially safe" environment [26] . In contrast to the numerous studies that reported disrupted social behaviour in PCP-treated rats in the "socially uncertain" dyadic social interaction test [23, [44] [45] [46] Seillier and Giuffrida [26] found no deficits in sociability in the three-partite chamber test. The PCP-treated rats preferred the social box (in which an unfamiliar rat was enclosed in a wire 
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Behavioural Brain Research 345 (2018) [13] [14] [15] [16] [17] [18] [19] [20] mesh cage) to the box holding an empty wire mesh cage. However, when allowed to choose between a familiar and a novel rat in the threepartite chamber arena, the PCP-treated rats showed a selective social novelty preference deficit, a deficit that was independent of olfactory function since the ability to discriminate social over neutral odours was intact in the animals. In the odour discrimination task, the PCP-treated animals showed a preference for a social odour over a neutral nonsocial odour, but neither the PCP-treated group nor the vehicle group favoured a novel social odour (bedding from a cage with unfamiliar animals) over an "familiar" social odour (bedding from the home cage). Seillier and Giuffrida [26] suggests that the social motivation in subchronic PCP-treated rats might be intact in a "socially safe" condition and it remains to be elucidated whether the lack of novelty preference in the three-partite chamber test represents a true shortage of social novelty preference or a consequence of impaired social recognition. A reduction of the time spent engaged in social interaction behaviour with an unfamiliar animal during the low-anxiety dyadic social interaction test, could also be an implication of higher general anxiety in rats treated with subchronic-PCP. In the experiments performed by Audet et al. [40] , the lesser investigation of the PCP-treated rats towards the smell of a predatory treat (a cat collar) was interpreted as an indicator of increased anxiety. The same rats additionally spent more time in a dark compartment over a brightly lit one, indicative of higher anxiety [40] . Other studies did however, controversially not find any differences between subchronic PCP-treated and vehicle-treated rats in the dark/light-emergence test or in classical behavioural paradigms for anxiety such as the elevated plus maze and the open field test [47, 48] . Data from our laboratory (not shown), further agree with these results as our subchronic PCP-treated rats did not differ from the saline-treated rats when the number of visits-or the duration spent in the centre part of the arena on the first day of habituation was compared, indicating no differences in environmental novelty-induced anxiety between the two groups. Taking these results together, it seems unlikely that the diminished social interaction following subchronic PCP withdrawal is explained by increased anxiety-like behaviour.
The subchronic PCP-treated rats in our study showed intact habituation to the social odour over the three trials. However, habituation and dishabituation are basic non-associative learning processes [7] . The preserved non-associative memory seen in the subchronic PCP-treated rats during the olfactory habituation/dishabituation test hence, does not exclude that they could have impairments in associative/declarative memory. As such, the increased sniffing towards the social stimulus could also be indicative of disrupted social cognition in the PCP-treated animals.
The visual recognition memory disrupting effect of subchronic PCP treatment is well validated and has important implications for the use of NMDA receptor antagonist rodent models to identify novel drugs especially targeting the negative-and cognitive symptoms of schizophrenia [33] . The subchronic treatment regime described in this report, which induced sever social impairments but no olfactory dysfunctions in male rats, did also induce significant disruptions to object recognition memory in our laboratory [41] .
Notably, in our study we did not include a second novel social odour in the protocol as we mainly focused on the capacity to detect and discriminate among odours overall. It would hence be very interesting to conduct the olfactory habituation/dishabituation test with two or more social odours to investigate if subchronic PCP-treated rats can differentiate between novel social odours. However, a lack of dishabituation to a novel social odour in this test could arise for different reasons and the olfactory habituation/dishabituation test does not allow discriminating between a social cognition deficit and a preference for social novelty deficit. For this reason, it is strongly advised that future studies with the aim to further investigate the social impairments in the subchronic PCP-treated rodent model, uses more than one social test to differentiate lack of social novelty response from social cognition dysfunction.
The development of ethologically relevant social test paradigms that allow such detailed dissemination between social cognition and novelty preference as well as social behaviours in situations with conflicting motivations, might help to answer some of the questions regarding the overall social impairment in the subchronic PCP model.
In addition, the variety of used PCP treatment regimen and test protocols used to assess behaviour in the PCP model has created another need for more validation. For example, the length of the drugwithdrawal period prior to behavioural testing seems especially important for the emergence of social-and cognitive deficits and for the Fig. 4 . Effects of subchronic phencyclidine (5.0 mg/ kg) or vehicle treatment on the ability to detect olfactory novelty (dishabituation). Color change indicates an odour change. Data are expressed as mean ± SEM of n = 8 rats per group. *P < 0.05 versus the last trial of the previously presented odour for PCP, # P < 0.05 versus the last trial of the previously presented odour for vehicle. PCP: phencyclidine; VEH: vehicle.
E. Tarland, J. Brosda Behavioural Brain Research 345 (2018) [13] [14] [15] [16] [17] [18] [19] [20] induction of NMDA receptor hypofunction in animals resembling the hypofunction and negative symptoms in schizophrenia [49] . Our established PCP treatment protocol with 14 days of withdrawal prior to behavioural testing induced robust deficits in both recognition memory and social interaction behaviour [41] . In agreement with these results, the observation that subchronic PCP induces neurological and behavioural alterations especially after longer withdrawal periods, have been supported by multiple lines of evidence. For example, evident and widespread reductions in NMDA receptor binding, especially in the hippocampus, was found following a 14 day PCP withdrawal period but not after shorter delays of 1 or 24 h [50] . Snigdha & Neill [45, 46] used a 6 week washout phase following subchronic PCP-treatment to induce social interaction deficits [for a recent review on the NMDA receptor antagonist model, see 33] and additionally, Jenkins et al. [51] found social deficits 24 h, 1 week, 3 weeks and 6 weeks after PCP treatment. Especially noteworthy, in this study they found reduced expression of parvalbumin immune-reactive neurons in the hippocampus after the 6 weeks withdrawal phase, providing further support for the theory of long-lasting neurological and behavioural changes produced by subchronic PCP. In line with several recent studies disseminating the social behaviour in rats treated with subchronic PCP [31, 30, 26, 32] , our results demonstrate the social behaviour complexity in the subchronic PCP rat, and the need for subsequent elucidation. The development of new tests or fine-tuning already established methods, to give more straightforward measures of social behaviour, would be of great value for our understanding of the outcome of subchronic PCP treatment on sociability and its translation for the negative symptomatic of schizophrenia.
In conclusion, the present results from the olfactory habituation/ dishabituation test rule out basic impairments in olfaction following subchronic PCP treatment in male rats. It is hence unlikely that a sensory deficit explains the poor performance on social interaction tasks in the current, and previously performed PCP research. These data therefore provide further support for the usefulness of the subchronic PCP animal model to study mechanisms of social and cognitive impairments with relevance to negative symptoms of schizophrenia.
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